QT dispersion (QTD) on 12-lead ECGs has been proposed as a marker of malignant ventricular tachyarrhythmias, and increased QTD has been reported in long QT syndrome (LQTS). On the other hand, it has been demonstrated that transmural dispersion is associated with ventricular tachyarrhythmias in an experimental model. However, the precise type of QTD or transmural dispersion that contributes most to ventricular tachyarrhythmias in patients with LQTS remains unclear. We evaluated 27 patients with acquired LQTS. These patients were divided into two groups: group A (n = 12), patients with polymorphic ventricular tachycardia [torsades de pointes (TdP)], and group B (n = 15), patients without TdP. The QT intervals were corrected using Bazett's formula. QTD was measured as the difference between the maximum and the minimum QT intervals, and T wave peak-to-end interval divided by the QT interval (Tpe) in the V5 lead was measured as a new index. Both the corrected QTD (QTDc) and Tpe were significantly larger in group A than in group B. Logistic regression analysis revealed that a reliable predictor for TdP in the QT variables in these patients was not QTDc but Tpe. Cumulative frequency distributions revealed that a Tpe of 0.28 is a good cut-off point for TdP. Tpe did not correlate with the corrected maximum QT interval, whereas the QTDc did correlate with this parameter. In conclusion, Tpe may be the best predictor for TdP in patients with acquired LQTS.
INTRODUCTION
QT dispersion (QTD) has been defined as the difference in duration between the longest and shortest QT intervals in any lead for a given set of ECG leads. QTD has been suggested to reflect regional variation in ventricular repolarizations. There is evidence from several studies [1] [2] [3] that increased dispersion of repolarization may create the electrophysiological condition required for re-entry. Furthermore, experimental studies have demonstrated that heterogeneity in repolarization has been linked to the induction of ventricular fibrillation [4] and ventricular tachycardia [3] . However, in contrast, there are some reports [5, 6] in which QTD does not directly reflect the heterogeneity of ventricular repolarization. The relationship between QTD and arrhythmogenicity is not well established.
Recently, Antzelevitch et al. [7] demonstrated that dispersion in repolarization may arise from differences in the action potential durations between cells situated in different myocardial layers. These workers showed the presence of M cells characterized by prolonged repolarization in comparison with the epicardial or endocardial layers. The peak of the T wave in a transmural ECG was found to reflect the termination of action potentials from the epicardial layer. In addition, the T wave offset was found to represent the termination of repolarization in the M cells. In the canine heart, endocardial, epicardial and M region action potentials differ principally with respect to repolarization characteristics, such as action potentials that generate transmural dispersion in repolarization. Lubinski et al. [8] evaluated the transmural dispersion in patients with congenital long QT syndrome (LQTS) by means of 24 h standard Holter ECG monitoring, and showed that congenital LQTS is associated with increases in both transmural and spatial dispersion of repolarization. However, the relationship between transmural dispersion and the polymorphic ventricular tachycardia known as torsades de pointes (TdP) remains undefined.
The aims of the present study were to assess transmural dispersion, defined as T wave peak-to-end interval divided by the QT interval (Tpe) noted on 12-lead ECGs compared with 12-lead QTD, and to evaluate whether the prolongation of Tpe, QTD or both may contribute to the onset of TdP in patients with acquired LQTS.
METHODS

Subjects
We evaluated 27 patients with acquired LQTS (19 females and 8 males; age range, 40-80 years; mean age, 66 years). Informed consent was obtained from all subjects in accordance with the guidelines of the Bioethical Committee on Medical Researches, School of Medicine, Kanazawa University, Japan. Acquired LQTS was defined by a prolonged corrected QT interval (QTc > 440 ms) induced by drugs or associated with other diseases. All patients were obtained in a random manner and were not from the same family. Patients with atrial fibrillation, conduction disturbances or inadequate ECGs for evaluating QT variables were excluded from this study. Once selected, the subjects were divided into two groups: group A, which included patients with a history of syncope and/or TdP, and group B, which included patients without a history of syncope or TdP.
QT interval measurements
All 12-lead ECGs were recorded at a speed of 25 mm/s with standard lead positions. While preserving clarity, all records were magnified by 200 % and the QT intervals were subsequently measured. The ECG analyses of the patients were performed using the most recent ECGs that showed sinus rhythm from syncope or TdP. All of these ECGs were recorded within 24 h after events. Two ECG readers were blinded to the LQTS status of the patients. Macroscopic T wave alternans were not visually apparent in any patient. The end of the QT interval was defined as the intersection of a tangent to the steepest downslope of the dominant repolarization wave with the isoelectric line. Twelve-lead ECGs were obtained in all patients. The QT intervals in all 12 leads were measured from the onset of the QRS complexes to the end of the T waves. The QT interval was corrected for heart rate using Bazett's formula (QTc = QT/square root of RR interval in s). The QTc dispersion (QTDc) was measured as the difference between the maximum and the minimum QTc intervals on the 12-lead ECGs. If the height or depth of the T wave was < 1.5 mm, its lead was excluded from analysis. A limit of six or more leads per ECG was arbitrary and chosen to exclude ECGs of inadequate technical quality from analysis [9] . Moreover, Tpe in V5 lead was measured as the new index. This measurement was performed using more than three consecutive QRST records, and the average value was calculated.
Statistical analysis
The values are expressed as the means + − S.D. The differences between the two groups were analysed by unpaired Student's t test. Categorical data were compared using χ 2 analysis. Cumulative frequency distributions of QTDc and Tpe were generated to determine the optimal cut-off point for TdP. Logistic regression analysis was performed using StatView 5.0 (Abacus Concepts, Inc., Berkeley, CA, U.S.A.). P values < 0.05 were considered statistically significant.
RESULTS
Clinical characteristics of patients
Group A consisted of 12 patients, and group B consisted of 15 patients. The clinical characteristics of the study patients are summarized in Table 1 . None of the patients had obvious heart disease. There was no significant difference in age between the two groups. The proportion of females was higher in both groups, but did not differ significantly between the two groups.
QT interval analysis
The results of QT interval analysis are summarized in Table 2 . The maximum and minimum QTc in group A were significantly larger than those in group B. In addition, the QTDc and Tpe in group A were also significantly larger than those in group B.
The results of univariate logistic regression analysis are shown in Table 3 . On the basis of these results, we included maximum QTc, minimum QTc and Tpe, as they have higher odds ratios and each is an independent variable, in the multivariate logistic regression analysis for the purpose of evaluating which index is the best. As a result, logistic regression analysis revealed that Tpe was the best predictor of TdP (Table 3) . Relative cumulative frequency analysis revealed that a Tpe of 0.28 and a QTDc There was a significant correlation between maximum QT and QTDc. In contrast, there was no correlation between maximum QT and Tpe (Figure 2) .
DISCUSSION
In the present study, we have demonstrated that patients with acquired LQTS had large QTDc and Tpe, and logistic regression analysis revealed that Tpe was the best predictor for TdP.
Acquired LQTS
Many drugs (anti-arrythmic drugs, macrolide antibiotics, tricyclic antidepressants, cisapride, probucol etc.) [9, 10] are known to prolong ventricular repolarization and provoke TdP. The incidence of TdP in patients treated with quinidine, whose spectrum of effects includes K + channel blockade, has been estimated to range between 2.0 and 8.8 % [11] [12] [13] [14] . There is now increasing evidence 
Figure 1 Scatter plot of QTDc and Tpe
The optimal cut-off points for QTDc and TdP were 80 ms and 0.28 respectively. QTDc significantly correlates with corrected maximum QT interval, whereas Tpe does not. maxQTc, Corrected maximum QT interval.
that such proarrhythmic risk is not confined to antiarrythmic agents, but also occurs with certain noncardiac drugs. Prolongation of the QT interval on the ECG is caused by prolongation of the action potentials of ventricular myocytes. Inhibition or activation of these channels has different effects on the action potential duration of the following four cell types: Purkinje cells, subendocardial myocytes, mid-myocardial M cells and subepicardial myocytes. In humans, both fast (I Kr ) and slow (I Ks ) components of the delayed rectifier K + current are present, although the fast component (I Kr ) is the predominant current [15] . QT prolongation occurred at supraclinical doses or at normal doses with concurrent administration of drugs that inhibit cytochrome P450. The characteristic of electrocardiography in patients with acquired LQTS was the bizarre shape of T wave. It is very difficult to predict which currents contribute to QT interval prolongation and the transformed T wave.
QTD and TdP
QT dispersion, measured as interlead variability of QT, is proposed as a marker of dispersion of ventricular repolarization. In 1990, Day et al. [16] proposed a new method of spatial QTD assessment based upon the difference noted in QT interval duration between leads of standard ECGs and the increased spatial QTD in LQTS patients. Priori et al. [17] also demonstrated the presence of an increased QTD in patients with idiopathic LQTS.
Patients not responding to β-blockers had significantly higher QTD than responders, and QTD was an effective tool to predict arrhythmia risk. Many studies have been aimed at investigating the value of QTD for the prediction of ventricular arrhythmias or other adverse events in various cardiac diseases. Nonetheless, the results are controversial. Some studies showed that QTD could predict the inducibility of ventricular arrhythmias during electrophysiological study, whereas others failed to make this observation [18] [19] [20] [21] [22] [23] [24] . Later, it was shown that QTD does not directly reflect the dispersion of recovery times and simply reflects variation in the projection of the T wave vector loop [25] . Accordingly, there is a limitation for the use of QTD as a measure of heterogeneity of ventricular repolarization. Although the present study showed that patients with TdP had significantly more QTD than those without TdP, we recognized the need for a new alternative tool for the dispersion of the repolarization.
T wave peak-to-end and TdP
The analysis of repolarization variability is usually based on methods that evaluate spatial and temporal QTD. However, recent experimental studies [26] [27] [28] [29] [30] in arterially perfused canine left ventricular wedge preparations suggest that the second part of the T wave represents the arrhythmogenic substrate, and that the peak-to-end interval of the T wave is the transmural dispersion of the repolarization. It is unclear how much the peakto-end interval of the T wave, in a human model anyway, may reflect the transmural dispersion of the repolarization. We hypothesized that the peak-to-end interval of the T wave may be a useful predictor of TdP if the V5 lead reflects electrical phenomena in left ventricle free wall. After consideration of the effect of heart rate variability, we used the index of Tpe in the same lead. In the present study, we demonstrated that the prolongation of Tpe correlates with TdP better than QTDc does and that it may be useful for predicting TdP in acquired LQTS. These results also suggest the possibility that TdP may be associated with transmural dispersion of the repolarization in patients with acquired LQTS. Although exact reasons are unclear, the present study suggests that patients with acquired LQTS and Tpe > 0.28 must be followed closely. Further investigation into the correlation between Tpe and transmural dispersion of the repolarization is required.
Study limitation
In the present study, we measured the QT interval and the T wave peak-to-end interval manually, because we lacked an automated measurement system for these variables. It is unknown how much the peak-to-end interval of the T wave, as measured with a unipolar recording in the present study, reflects the transmural dispersion of the repolarization measured with a bipolar recording by Antzelevitch et al. [7] .
Conclusion
The best predictor for TdP in the QT variables in patients with acquired LQTS was Tpe, and a Tpe of 0.28 was a good cut-off point for TdP. Tpe may be a more reliable predictor for TdP than QTDc in patients with acquired LQTS.
